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[57] ABSTRACT

A guide wire assembly comprlsmg a flexible gulde wire
having a diameter of 0.018 inches or less and having a
connector assembly. The connector assembly includes
male and female connectors. The male connector in-
cludes a conductive coil spring and a core wire which
extends beyond the conductive coil. The female con-
nector includes a recess for receiving the core wire as
well as a conductive element for engaging the coil

spring.

9 Claims, 2 Drawing Sheets
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GUIDE WIRE ASSEMBLY WITH ELECTRICAL
FUNCTIONS AND MALE AND FEMALE
CONNECTORS FOR USE THEREWITH

This invention relates to a guide wire assembly with
electrical function and connectors for use therewith and
more particularly, such a guide wire assembly with
male and female connectors. This application is a con-
tinuation-in-part of application Ser. No. 265,909 filed on
Nov. 2, 1988. |

Heretofore there has been developed by Advanced
Cardiovascular Systems, Inc. and placed on the market

a detachable-on-command guide wire system which

utilizes a guide wire with a detachable extension guide
wire. This detachable-on-command system utilizes a
connector which was comprised of a metallic sleeve

into which was fitted a crimped core wire in order to

achieve the desired amount of frictional engagement
between the guide wire and the extension wire.

A guide wire has been developed as disclosed in

copending application Ser. No. 036,796 filed Apr. 10,
1987 in which a transducer is carried at the end of a
guide wire for making Doppler blood flow measure-
ments which requires the use of first and second con-
ductors extending the length of the guide wire. With
such a guide wire a situation may arise where it will be
desirable to utilize an extension guide wire to make
possible exchange procedures often used 1n angioplasty.
At the present time such exchange procedures are not
possible because the connectors and guide wires utilized
heretofore do not have conductive functions incorpo-
rated therein.
- There is therefore a need for a guide wire assembly
with an electrical function which includes male and
female connectors which can be utilized with guide
wires and extension wires.

In general, it is an object of the invention to provide
a guide wire assembly with an electrical function.

Another object of the invention is to provide a guide
wire assembly of the above character in which the as-
sembly includes male and female connectors.

Another object of the invention is to provide a guide

wire assembly of the above character in which two or
more conductors can be provided.

Another object of the invention is to provide a guide
wire assembly of the above character which is compati-
ble with the existing guide wire exchange systems.

Another object of the invention is to provide male
~ and female connectors of the above character which are
compatible in size with existing guide wires. Another
object of the invention is to provide a guide wire assem-

bly of the above character in which the assembly has

been provided with stress relief features.

Additional objects and features of the invention will
appear from the following description in which the
preferred embodiments are set forth in detail in con-
junction with the accompanying drawings.
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FIG. 1 is a cross-sectional view of a micro-miniature

co-axial connector for use on guide wire assembly hav-

ing an electrical function.

FIG. 2 1s a cross-sectional view of a micro-miniature
co-axial female connector for use on guide wire assem-
bly having an electrical function.

FIG. 3 is a cross-sectional view showing the male
mating positions.

65
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FIG. 4 is a cross-sectional view of the male connector
of the present invention mated with a female connector
of a conventional extension wire.

FIG. 5 is a cross-sectional view of a male connector
similar to that in FIG. 1, but with additional conduc-
tors. |

FIG. 6 is a cross-sectional view of a female connector
similar to that in FIG. 2 with additional conductors.

FIG. 7 is a cross sectional view of a micro miniature
co-axial connector for use on a guide wire assembly of
the type shown in FIG. 1 which incorporates strain

relief capabilities.

In general, the guide wire assembly of the present
invention is comprised of a guide wire having first and
second conductors extending along the length thereof,
an extension guide wire and a conducting cable. Con-
nector means is provided for connecting the conducting
cable or alternatively the extension guide wire to the
guide wire and interconnecting the conductors carried
thereby. The connector means includes a male connec-
tor having a metallic sleeve, a conductive core mounted
in the sleeve and extends forwardly to provide a con-
ductive probe. Insulating material separates the conduc-
tive core from the sleeve. The insulating material ex-
tends forwardly of the sleeve. A conductive band is
carried by the insulating material and 1s spaced from the
sleeve. First and second conductors are disposed in the
sleeve with the first conductor being connected to the
conductive core and the second conductor being con-
nected to the conductive band. A female connector is
provided for the conducting cable. The female connec-
tor is provided with an inner conductive grip which has
a cylindrical recess for receiving the conductive probe
of the male connector. The female connector is also
provided with an outer conductive grip which has a
cylindrical engaging portion extending forwardly of the

inner conductive grip. Insulating means is disposed

between the inner and outer conductive grips. An insu-
lating housing is mounted on the outer conductive grip.
First and second conductors are disposed within the
housing with the first conductor being connected to the
inner conductive grip and the second conductor being
connected to the outer conductive grip. The female
connector receives the male connector with the con-
ductive grip receiving the conductive probe in the cy-
lindrical recess and the outer conductive grip receiving
the cylindrical band to make electrical connections
therebetween. -

More particularly as shown in the drawings, in FIGS.
1, 2, 3 and 4, the guide wire assembly 11 consists of a
guide wire 12 (FIG. 1) and a flexible conducting cable
13 (FIG. 2) which are interconnected by connector
means 14 (FIG. 3).

Alternatively, the guide wire 12 can be connected to
a conventional extension wire 15 (FIG. 4). The guide
wire 12, the conducting cable 13 and the connector
means 14 are all provided with conductive functions as
hereinafter described. The guide wire 12 can be of the
type described in co-pending application Ser. No.
036,796, filed Apr. 10, 1987 which can be provided with
a transducer (not shown) on its distal extremity which is
provided with first and second conductors 16 and 17
which are connected to the transducer and which ex-
tend the length of the guide wire internally of the outer
sleeve 18. The other details of the construction of the
guide wire 12 are disclosed in said copending applica-
tion and are not disclosed herein because they are not
relevant to the present invention. The flexible conduct-
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ing cable 13 is also provided with first and second con-
ductors 21 and 22 which extend along the length of the
flexible conducting cable 13 and are enclosed in a suit-
able insulating jacket 23 as, for example, one of plastic.
Shielding 24 of a suitable type such as formed by

braided metal wire surround the conductors 21 and 22.

- The connector means 14 consists of male and female
- connectors 26 and 27 with the male connector 26 being
connected to the guide wire 12 and the female connec-
tor being connected to the conducting cable 13. It
should be appreciated that the male and female connec-
tors 26 and 27 serve as cooperative mating means and
that if desired, the male connector 26 could be con-

nected to the conducting cable 13 and the female con-

nector connected to the guide wire 12.

The male connector 26 is shown in detail in FIG. 1
and consists of a proximal sleeve portion 182 which is a
continuation of the sleeve 18 of the guide wire. The
sleeve portion 182 has an outside diameter of 0.018
inches or less so that it can be advanced through a con-
ventional angioplasty catheter. It is formed of a suitable
material such as stainless steel and has a suitable wall
thickness such as 0.002 inches.

A conductive core wire 28 is provided which has its
distal extremity disposed within the proximal extremity
18z of the tubing 18. It has a suitable diameter as, for
example 0.010 inches. A sleeve 29 of an insulating mate-

rial extends over the portion of the core wire 28 dis-

posed within the sleeve portion 18a and serves to insu-
late the core wire 28 from the sleeve 18a. The sleeve 29
can be formed of a suitable material such as a polyimide.
Any other suitable thermoplastic material which can be
‘applied can also be utilized for the sleeve. The sleeve 29
is provided with a cylindrical portion 292 which ex-
tends proximally to the proximal extremity of the sleeve
portion 18a. | ”

The proximal extremity of the core wire 28 is pro-
vided with a tapered or probe portion 28z which may
be tapered from 0.010 inches down to 0.006 inches. The
portion 28q is also crimped as shown to provide a plu-
rality of sharp bends 31 which enhance the frictional f{it
between the male and female connectors as hereinafter
described. The crimped portion is about 1-2 ¢cm long.
The conductive cylindrical member in the form of a
core wire 28 can be formed of any suitable conductive
material as, for example, stainless steel or beryilium
copper which are particularly desirable because of their
springiness. A conductive cylindrical member in the
form of a band 32 is mounted on the proximal extremity
of the insulative sleeve 29 but is spaced therefrom to
provide a circumferential air gap 33 which, if desired,
-~ can be filled with an adhesive (not shown) which also
can serve as an insulator. The band 32 can be formed of
a suitable conductive material such as beryllium copper.
The first conductor 16 is connected to the distal extrem-
ity of the core wire 28 by a solder joint 36. The second
conductor 17 extends through the insulating sleeve 29
and over the core wire 28 and is connected to the con-
ductive band 32 at a solder joint 37. Thus it can be seen
that the conductive core wire 28 serves as one conduc-
tor and the conductive band 32 serves as the other con-
ductor. The male connector 26 hereinbefore described
is a micro-miniature coaxial connector that is provided
with electrical functions which in particular is capable
of providing electrical connections between two sepa-
rate conductors.

The female connector 27 is shown in detail in FIG. 2
and as shown therein consists of an inner conductive
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grip 41 formed of a suitable material such as beryllium
copper and which is provided with a cylindrical recess
42 which can have a diameter ranging from 0.010 to
0.014 inches and preferably has a diameter of approxi-
mately 0.012 inches. The recess 42 is open at 1ts forward
extremity which is facing towards the distal extremity
of the female connector 27. The recess 42 is provided
with a chamfer 43 to facilitate the entry of the crimped
conductive core wire portion or probe 28a of the male
connector 26 as hereinafter described. An outer con-

 ductive grip 44 is provided. It consists of a cylindrical
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sleeve which is disposed coaxially with respect to the
inner conductive grip 41. A shouldered sleeve-like in-
sert 45 is mounted by a press fit in the extremity of the
sleeve 44 extending beyond the inner conductive grip.
A tapered insert 46 is mounted within the insert 45 and
is surrounded with six circumferentially spaced slots 47
which are spaced equally and serve to provide spring-
like finger portions 46a which are adapted to engage the
conductive band 32 carried by the male connector as
hereinafter described. The parts of the outer conductive
grip 44 are formed of a suitable conducting material
such as beryllium copper. A cylindrical sleeve 48
formed of a suitable insulating material such as a poly-
meric material is disposed between the inner conductive
grip 41 and the outer conductive grip 44 to insulate the
same from each other. The sleeve 48 can be formed of
a polyimide or other electrically insulating material.
The first and second conductors 21 and 22 carried by
the conducting cable 13 are connected respectively to
the inner conductor grip 41 at a crimped joint 49 and to
the second or outer conductive grip by a crimped joint
51. An outer molded case 52 formed of an insulating
material such as molded plastic is molded over the outer
conductive grip 46 and over the distal extremity of the
conducting cable 13. The case 52 is provided with a

- cylindrical opening 53 which is in axial registration with
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the outer conductive grip 44 and the inner conductive
grip 41. The opening 53 is also provided with a chamfer
54. |

From the construction shown in FIG. 2 it can be seen

“that there has been provided a micro-miniature coaxial

female connector 27 which can mate with the male
connector 26 as shown in FIG. 1. In mating the male
connector 26 with the female connector 27, as shown in
FIG. 3 the crimped conductive core wire portion or
probe 28a is inserted through the opening 53 in the case
52 into the outer conductive grip 44 and into the cylin-
drical recess 42 provided in the inner conductive grip
41. The conductive probe 28a frictionally engages the
cylindrical side wall of the inner conductive grip form-
ing the recess 42. Continued advancement of the con-
ductive probe 28¢ into the recess 42 brings the conduc-
tive band 32 into engagement with the spring fingers 47
so that they frictionally engage the band and make
electrical contact with the outer conductive grip at the
same time that a connection is being formed by the
probe 28¢ and the inner conductive grip 41. The fric- -
tional engagement is such that the guide wire 12 can be
advanced and retracted while still maintaining electrical

- contact with the conducting cable 13 which is con-

65

nected to the instrumentation being utilized for making
flow, pressure or other measurements.

In using the guide wire assembly 11 in connection
with an angioplasty procedure, the coronary guide wire
would be positioned within an angioplasty catheter to

‘make blood flow measurements before, during and after

the angioplasty procedure. Signals would be supplied
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from the transducer (not shown) provided on the end of
the guide wire assembly would be supplied through the
connector means 14 to the cable 13 to supply the signal
to the electrical console (not shown) to provide the
flow measurements. Now let it be assumed that it is
desirable to change to a large size or even a smaller size
dilatation catheter. When this is the case, the female
connector 27 is removed from the male connector 26
carried by the guide wire 12. The guide wire 12 is then
ready to be attached to a conventional extension guide
wire which has approximately the same length as a
guide wire, thus doubling the length of the guide wire
to make it possible for the guide wire to remain in place
while the dilatation catheter previously being used can
be removed from the guide wire and a new dilatation
catheter of a different size advanced over the guide wire
into the coronary system. The distal extremity of a
conventional extension guide wire 15 shown in FIG. 4
in which the guide wire is comprised of a solid stainless
steel wire 56 of a suitable outside diameter such as 0.013
inches which has a sleeve 57 also formed of suitable
material such as stainless steel bonded to the distal ex-
tremity of the same by suitable means such as welding.
The sleeve 57 is provided with a cylindrical recess S8
which is adapted to receive the probe 28z of the male
connector 26. Thus, although the male connector 26 is
provided with a conducting function it still can function
in the same manner as a conventional guide wire to
mate with the female connector provided on the distal
extremity of the exchange wire 15 so that the exchange
wire can be utilized to perform its normal function. It
can be seen this has been accomplished without increas-

ing the diameter of the male probe which makes it possi- -

ble to readily make an exchange of dilatation catheters
in a manner well known to those skllled in the field of
angioplasty.

As soon as the new size catheter is in place, the exten-
sion wire can be-removed and the micro-miniature fe-
male connector 27 can be reattached to the proximal
end of the coronary flow guide wire 12 to establish the
electrical connection thereto and to again make it possi-
ble to monitor blood flow. Thus it can be seen that the
present invention makes it possible to provide monttor-
ing of the blood flow without removing the guide wire
carrying the transducer while still making it possible to
utilize different size dilatation catheters in the angio-
plasty procedure.
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four conductors have been provided with the conduc-
tive core wire providing the first conductor and the
bands 62, 66 and 67 providing the other three conduc-
tors. These additional conductors can be provided with-
out increasing the diameter of the male connector. The
female connector is augmented in a similar way as
shown in FIG. 6 to provide additional conductors as,
for example, two additional conductors 76 and 77
which are connected to additional outer conductive
grips 78 and 79 which are coaxial with the outer con-

ductive grip 44 and which extend forwardly as shown
particularly in FIG. 5 so that they are adapted to engage
the additional bands 66 and 67 provided on the male
connector. An additional insulating sleeve 81 is pro-
vided for electrically isolating the second outer conduc-
tive grip 78 from the first outer conductive grip 46 and
sleeve 82 is provided for electrically isolating the third
outer conductive grip 79 from the second outer conduc-

tive grip 78. The case 52 surrounds the outer conductive

grip 79.
Operation and use of the connectors shown in FIGS.
5 and 6 is substantially identical to that hereinbefore
described. The only additional capability being that
additional conductors are provided so that additional
electrical functions can be performed by the guide wire.
From the foregoing it can be seen that a guide wire
assembly and connectors for use therein can be pro-
vided which can perform electrical functions and which
are of a micro-miniature size so that they can be utilized
in conjunction with conventional angioplasty catheters
and exchange wires. In order to reduce size, coaxial
construction has been utilized for both of the male and
female connectors. -
-~ An additional embodiment of the invention is shown
in the guide wire assembly 86 shown in FI1G. 7 which i1s

substantially identical to the guide wire 12 shown In

- FIG. 1 with the exception that a conductive coil 87 has

40

45

One of the principal advantages of the guide wire

assembly of the present invention and in particular the
male and female connectors is that they are of a micro-
miniature size and make it possible to provide connec-
tors with more than one conductor and which are still
capable of being able to be produced in a size which is
0.018 inches in diameter or less.

In the event that it is necessary to provide more than
two conductors in a male micro-miniature connector,
the same can be accomplished utilizing the same princi-
ples which have been utilized in providing the male and
female connectors 26 and 27 shown in FIGS. 1 and 2.
Thus as shown in FIG. §, provision can be readily made
for additional conductors, as for example, two conduc-
tors 61 and 62 which extend through the sleeve 18 and
forwardly through the portion 294 of the insulating
sleeve 29 extending through holes 63 provided in the
insulating sleeve 29 and soldered to additional bands 66
and 67 formed of the same material as band 32 and
spaced apart from the band 32 and being spaced apart
from each other by a gap 68. Thus it can be seen that

50

35
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been provided to replace the conductive band 32 shown
in FIG. 1. The conductive coil 87 serves as a conductive
sleeve and extends over the insulating sleeve 29 and 1s
formed of a suitable conductive material. For example,

stainless steel can be utilized in which the wire would

have a diameter ranging from 0.002 to 0.003 inches with
a maximum outside diameter on the coil of 0.018 inches.
The conductive coil can have a suitable length such as
0.080 to 0.160 inches. The coil 87 is secured to the insu-
lating sleeve 29 by a suitable medical grade adhesive 89
of a conventional type. The adhesive should be very
strong and should be capable of withstanding steriliza-
tion temperature required for medical instruments. In
addition, it should have wicking capabilities so that it
will travel through capilliary action into the minute
gaps between individual coils of the conductive coil 87
and also extend between the coils and the sleeve 29 as
well as the space between the end of the sleeve 18 and
the beginning of the coil 87. As with the embodiment
shown in FIG. 1, the conductor 16 1s secured to the core
wire 28 at 36 whereas the conductor 17 extends over the
core wire 28 and passes through the insulating sieeve 29
and is connected to the conductive coil at 87 by a suit-
able conducting bond. It should be appreciated that
although stainless steel has been selected for the con-
ductive material for the conductive coil 87 because of
its high tensile strength providing better stress relief,
other conductive materials such as gold alloys, palla-
dium and platlnum would be satistactory.

The guide wires shown in FIG. 7 are used 1 in the same
manner as described hereinbefore for the previous em-
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bodiments. However, the strain relief coil 87 serves to
distribute the stresses created by flexing of the core wire
28 at the proximal extremity of the outer sleeve 18.
Thus, although the core wire 28 is of a very small diam-
eter and is very fragile and flimsy, it can withstand the

handling by doctors and other medical personnel be-

cause of the stress relief capabilities provided by the
conductive coil 87 which serves to prevent bending or
actually breaking off of the conductive core wire 28 at
the termination of the outer sleeve 18. In other words,

the conductive coil 87 removes a high stress region at -

the transition between the stainless steel outer sleeve 18
and the conductive band 32. The conductive coil 87
therefore serves to provide the conductive material
- provided by the conductive band 32 while at the same
time providing the desired strain relief capability or
feature. The stresses created are distributed uniformly
over the length of the conductive coil.

What is claimed is:

1. In a guide wire assembly, a flexible guide wire
having a diameter of 0.018 inches or less and having first
and second conductors extending along the length
thereof, a flexible cable having first and second conduc-
tors extending along the length thereof, and connector
means for interconnecting the flexible cable to said

guide wire and interconnecting the conductors carried

thereby, said connector means including a male connec-
tor and a female connector, said male connector com-
“prising a sleeve, a conductive core wire mounted in the
sleeve, insulating means mounted din the sleeve and
insulating the conductive core wire from the sleeve, a
conductive cylindrical coil spring means carried by the
insulating means and spaced from the sleeve but being
in relatively close proximity to the sleeve for providing
stress relief, said core wire extending beyond the con-
ductive cylindrical coil spring, first and second conduc-
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tors disposed within the sleeve with the first conductor

being connected-to the conductive core and the second
conductor being connected to the conductive cylindri-
cal coil spring means, said female connector comprising
an inner conductive grip having a cylindrical recess for
receiving the conductive core wire, an outer conduc-
tive grip having a cylindrical member engaging portion,
insulating means disposed between the inner and outer
conductive grips, an insulating case mounted on the
outer conductive grip, first and second conductors dis-
posed within the case with the first conductor being
connected to the inner conductive grip and the second
conductor being connected to the outer conductive
grip, the female connector receiving the male connector
with the inner conductive grip receiving the conductive
core in the cylindrical recess of the inner conductive
grip and with the outer conductive grip receiving the
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8

conductive member of the male connector by the cylin-
drical member engaging portion of the outer conduc-
tive grip engaging the conductive cylindrical coil
spring means. |

2. An assembly as in claim 1 wherein said core wire

has a crimped extremity.
3. An assembly as in claim 1 wherein the male and

female connectors have a co-axial construction.

4. In a guide wire assembly in the form of a tubular
member, a guide wire having a diameter of 0.018 inches

- or less and having a proximal extremity, first and second

conductors extending along the length of the tubular
member, a male connector connected to the proximal
extremity of the guide wire, the male connector com-
prising a conductive cylindrical coil spring means
spaced from but being in relatively close proximity to
the tubular member for providing stress relief, a con-
ductive probe extending beyond the coil spring means
insulating means insulating the coil spring means from
the probe and the tubular member, and means connect-
ing the first and second conductors to the probe and to
the coil spring means, respectively.

5. A guide wire as in claim 4 wherein the probe has a

 proximal extremity which is crimped.

6. A guide wire as in claim 4 together with an ex-
changing guide wire, the exchange guide wire having a
distal extremity, the distal extremity including a sleeve,
the sleeve receiving the probe of the male connector so
that the guide wire and the exchange guide wire are
frictionally interconnected to inhibit separation of the
guide wire from the exchange guide wire.

7. In a male connector, an outer cylindrical sleeve
having a proxial extremity, a core wire formed of a
conducting material and disposed in the outer cylindri-
cal sleeve and extending beyond the proximal extremity
so that it is exposed, a cylindrical sleeve formed of
insulating material insulating said core wire from said
outer cylindrical sleeve and having an end, said cylin-
drical sleeve of insulating material having a portion
thereof extending beyond said proximal extremity of the
outer cylindrical sleeve, and a cylindrical coil spring

means of conducting material carried by the outer

sleeve of insulating material and being spaced from said
sleeve but being in close proximity thereto for provid-
ing stress relief and first and second conductors dis-
posed interiorly of -the outer cylindrical sleeve and
means bonding the first conductor to the core wire and
the second conductor to the coil spring means. |

8. A male connector as in claim 7 wherein the proxi-
mal extremity of the core wire is crimped.

9. A male connector as in claim 7 wherein said coil is

formed of stainless steel.
p i * - *
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